Phenolic compounds are common pollutants found particularly in the effluents from petroleum and petrochemical, coal conversion, and phenol producing industries. Due to their toxicity and carcinogenity, water and wastewater containing phenolic compounds must be treated before being used and discharged for receiving water bodies. There is a growing interest in using low-cost and commercially available materials for the adsorption of organic compounds. Clay minerals have great potential to remove phenols in water due to efficient sorbents which can be used as alternative adsorbents to replace the costly activated carbon. They are widely applied in many fields of adsorption technology including the removal of amines, metals, ketones, phosphates, chlorophyll, non-ionic contaminants, and organic pigments/dyes. Montmorillonitic smectites, {(Na,Ca) 0.33 (Al,Mg) 2 (Si 4 O 10 )-(OH) 2 .nH 2 O} are one of the natural clay minerals that have specific surface chemical properties. In this study, a factorial experimental design technique was used to investigate the adsorption of phenol from water solution on montmorillonite. Factorial design of experiments is employed to study the effect of three factors: pH (2.0 and 8.0), montmorillonite dosage (0.1 and 1.0 g/L) and initial low and high concentration (10 and 100 mg/L). The efficiency of phenol adsorption was determined after 60 min of treatment. Main effects and interaction effects of three factors were analyzed by using statistical techniques. A regression model was found to fit the experimental data very well. Through using the Student's t-test, analysis of variance, F-test and lack of fit to define most important process variables affecting the percentage phenol adsorption.
utilization of phenol-contaminated water causes protein degeneration, tissue erosion, and paralysis of the central nervous system and also damages the kidney, liver and pancreas in human body (Senturk et al., 2009 ). According to the recommendation of World Health Organization (WHO), the permissible concentration of phenolic contents in potable waters is 1.0 µg/L and the regulations by the Environmental Protection Agency (EPA), call for lowering phenol content in wastewaters less than 1.0 mg/ L (Bevilaqua et al., 2002; Radhika and Palanivelu, 2006; Senturk et al., 2009) .
Conventional processes for removal of phenols from industrial wastewaters include exctraction, precipitation, ion exchange, adsorption, electrochemical techniques, irradiation etc. Among these methods and technologies, adsorption is still the most attractive and widely used. Conventional adsorption experiments by changing only one or two factors at one time are laborious, costing time, and consuming materials. It is also impossible to detect the frequent interactions which occur between two or more factors. The evaluation of the best adsorption conditions of organic matter in different material has been made by several researchers by using a factorial design technique (Stanisavljevic et al, 2004; Manojlovic et al., 2007; 
INTRODUCTION
Phenol is one of major pollutant presenting in the wastewaters from several industrial activities such as coal mining, petrol refining, plastics, textiles, founding and steel and iron manufacture, pulp and paper manufacture and the tanning and finishing of leather. Typical phenol concentrations in these wastewaters range from 100 to 1000 mg/L. It is very important to remove phenols and aromatic compounds from contaminated water before discharge into any natural water because of their toxicity to aquatic organism (Tor et al., 2009) . The concentrations of phenol in industrial effluents are normally in a range of 2.8-6800 ppm which is much higher than the Lethal dose (LD 50 ) for aquatic lives (Ng et al., 2011) . Phenol is toxic with a probable oral lethal dose to humans of 50-500 mg/kg. Ecotoxicity in water (LC 50 ) is 125 mg/l for 24 hours (Environmental Protection Division, 2002) .
As a class of organics, phenols are similar in structure to the more common herbicides and insecticides in that they are resistant to biodegradation. Some phenols are very soluble in water and their presence in water supplies are noticed due to the taste and odor. The odor threshold for phenol is 0.04 ppm according to the regulations of Environmental Protection Agency (EPA). The
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METHOD
Natural montmorillonite, grey in color was used as an adsorbent. It was dried, and then washed with distilled water several times to remove any dust and other water-soluble impurities. The washed sample was dried at 105 o C in an oven before using in the adsorption studies. All adsorption experiments were carried out with the batch method. Adsorption properties of montmorillonite were evaluated by depending on different adsorption conditions such as different pH, adsorbent dosage and initial phenol concentrations. The concentrations of phenol were determined by using UV/Vis Spectrophotometer at λ= 500 nm according to the 4-aminoantipyrene method (APHA-AWWA, 1992). The adsorption percentage of phenol was calculated by the difference of initial concentration using the equation expressed as follow:
where C o is the initial concentration of phenol solution (mg/L), C e is the equilibrium concentration of the 2012). The study of the factors affecting the adsorption process was made by a two-level factorial design. A number of factors influencing the process such as pH, adsorbent dosage and initial concentration of phenol in the solution were studied.
MATERIALS AND METHODS MATERIALS
The montmorillonite, used in the experiments was supplied from Bafra in Turkey. It contains various amounts of smectite, quartz, feldspar group and amorphous material, which is a kind of montmorillonite. The chemical composition of the montmorillonite was given in Table 1 . Major elements of montmorillonite were determined by X-Ray Fluorescence (XRF) spectrometer. The formation of a new structure was determined by the peak internal between 2.5 o -70 o in the X-Ray Diffraction (XRD) pattern montmorillonite (Fig. 1) . The specific Brunauer-Emmett-Teller (BET) surface area of montmorillonite was measured with nitrogen as 73.916 m 2 / g. 
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illustrates the meaning of the experimental results for the respective low and high levels of adsorbent dosage, initial concentration and pH.
RESULT AND DISCUSSION
The factorial design matrix and adsorption efficiency (%) measured in each factorial experiment is shown in Table 3 , with the low (−1) and high (+1) levels as specified in Table 2 .
Factors that influence the adsorbed quantity of phenol adsorbed onto montmorillonite were evaluated phenol solution (mg/L), and R is the retention of phenol in % of the added amount.
FACTORIAL EXPERIMENTAL DESIGN
Factorial design is employed to reduce the total number of experiments in order to achieve the best overall optimization of the system. It was used to reduce the number of experiments, time, overall process cost and to obtain better response (Lima et al., 2011) . The design determines that factors have important effects on a response as well as how the effect of one factor varies with the level of the other factors. The number of experimental runs at b levels is b k , where k is the number of factors (Navidi, 2008) . Today, the most widely used kind of experimental design, to estimate main effects as well as interaction effects, is the 2 p factorial design in which each variable is investigated at two levels (Kavak, 2009) .
The high and low levels defined for the 2 3 factorial designs were listed in Table 2 . The low and high levels for the factors were selected according to some preliminary experiments. The order in which the experiments were made was randomized to avoid systematic errors. The results were analyzed with the Minitab 16 software, and the main effects and interactions between factors were determined. The 2 3 factorial design cubical diagrams with high and low three factors, pH adsorbent dosage and initial concentration are shown in Figure 2 . Cube Plot (data means) for efficiency % Table 5 shows the sum of squares being used to estimate the factors effect and the F-ratios, which are defined as the ratio of respective mean-square-effect to the men-square-error. The significance of these effects was evaluated using the t-test, and had a significance level of 5 %; i.e., with a confidence level of 95 %. The R-squared statistic indicated that the firstorder model explained 99.94 % of R's variability to the rejection of null hypothesis, it appears that the main effect of each factor and the interaction effects were statistically significant: P<0.05 (Abdel-Ghani et al., 2009 ). The results revealed that the studied factors (A, B and C), their 2-way interaction (AB, AC and BC) and 3-way interaction (ABC) were statistically significant to R (%).
Fig. 2 Cube plots for efficiency (%).
The main effects represent deviations of the average between high and low levels for each one of them. When the effect of a factor is positive, adsorption efficiency increase as the factor is changed from low to high levels. In contrast, if the effects are negative, a reduction in adsorption efficiency occurs for high level of the same factor (Ponnusamiet al., 2007; Bingöl et al., 2010) .
The main effects of each parameter on the phenol adsorption are shown in Figure 3 . The main by using factorial plots: main effect, interaction effect. ANOVA and P-value significant levels were used to check the significance of the effect on adsorption efficiency (%).
The results were displayed in Tables 4 and 5 . Main, interaction effect, coefficients of the model, standard deviation of each coefficient, and probability for the full 2 3 factorial designs were presented in Table 4 . The significance of the regression coefficients was determined by applying a Student's t-test. All effects were significant with 95 % confidence level. In addition, the model presented an adjusted square correlation coefficient R 2 (adj) of 99.97 %, fitting the statistical model quite well. In this way, the phenol uptake by montmorillonite could be expressed using the following equation: interactions between the lines in Figure 4 , are not parallel. A strong deviation from the parallelism put in evidence a strong interaction among control factors Figure 4 shows following significance interaction: pH and dosage, pH and initial concentration for adsorption efficiency, respectively. According to the Seq SS values, interaction of pH and initial concentration is the most significantly interaction. The other important interaction is pH and dosage. That means when the conclusion must be drawn very carefully, because the interaction can mask the main effects of the control factors.
These screening designs have made a mathematical model, a linear one, for adsorption efficiency. effects plots were generated to represent the results of regression analysis. It shows only the factors that were significant at the 95% confidence interval. Figure 3. shows that significance effect upon efficiency have the control factors: pH, dosage and initial concentration. In Figure 3 , the parameter pH that has a negative influence upon adsorption process efficiency can be seen. The dosage and the initial concentration have strong positive influences upon adsorption process efficiency. These conclusions are in a strong correlation with the results obtained from the adsorption studies.
The interaction effects of each parameter on the phenol adsorption are shown in Figure 4 . The 
